Cell surface expression of class II major histocompatibility complex-encoded (Ia) molecules depends on association of the component a and 13 chains into a stable heterodimer. In the mouse, two isotypes of class II molecules have been identified, ApAa and EpEa. However, experiments from this laboratory have shown that, following DNA-mediated gene transfer into murine L cells, an ApEa-mixed-isotype molecule can be assembled and expressed at the cell surface. In the present study, we have investigated the structural features expression. In marked contrast to the major alterations in expression accompanying changes in the amino-terminal polymorphic residues, exchange of these carboxyl-terminal isotypic segments had no detectable influence on the efficiency of expression with either A. or E,, chains. These results argue strongly that variations in the efficiency with which distinct Ia a18 dimers assemble and are transported to the membrane is determined almost exclusively by a critical chain interaction involving the amino-terminal domains of the molecules.
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The major histocompatibility complex-encoded class II (Ta) antigens are transmembrane glycoproteins whose cell surface expression is dependent on the stable association of a 33-to 35-kDa a chain and a 27-to 29-kDa /3 chain. Both a and /3 chains consist of an amino-terminal domain containing virtually all the sites of the extensive intraspecies polymorphism characteristic of histocompatibility antigens, and a series of carboxyl-terminal segments showing conservation of sequence among alleles at a given locus, but extensive divergence among products of distinct loci (1, 2) . The locusspecific structure of the carboxyl termini of class II a and /3 chains suggested that interactions of these regions with each other could explain the immunochemical observation of selective dimer formation restricted to a and /3 chains derived from closely linked genes [for example, ApAaX or DRsDR, (isotype-specific pairing)] (3-6). However, our initial attempts to test this hypothesis led to the unexpected observation that mixed-isotype AEREa dimers can in fact form and be expressed at the cell surface and that allelic variation in the f3 chain affects the extent of expression of such molecules (7) . In the present study, we have analyzed in detail the roles of the polymorphic amino-terminal domain and of the isotypeconserved carboxyl-terminal region in controlling expression of class II a,3 dimers. Our results led to the surprising conclusion that the 5-7 allelically variable residues in the amino-terminal 50 amino acids of the P chain are of critical importance in determining the efficiency of mixed-isotype Ia expression, whereas the 40 or more locus-specific residues in the highly conserved carboxyl terminus of this chain have no detectable role in selective a,8 pairing or transport.
MATERIALS AND METHODS
Genes. Ap wild-type and recombinant genes were genomic clones, created and subcloned into pSV2gpt as described (8) .
Ea/k, Ab, and Ak genomic clones were subcloned into pUC8, pcEXV, and pBR327, respectively (7, 9, 10) . Recombinant genes containing portions of both Ad and En were created by a sequential procedure in which a 3.6-kilobase (kb) Bam-HI-Kpn I En genomic fragment (containing sequences coding for /2, transmembrane, and intracytoplasmic regions) was first subcloned into pSV2gpt (11) to yield pSV2gpt-Ep. The 7.0-kb Bgl II-BamHI genomic fragment of Ap (containing the coding sequences for the leader and /3P domains of either A4d or A) was then cloned into the BamHI site of pSV2gpt-E3 to yield pSV2gpt-AP1-E/3. The Ea and the Ad cDNA constructs were full-length cDNA subcloned into pcEXV-3 expression vector as described (refs. 12 and 13, respectively).
Cell Maintenance and Transfection. The thymidine kinase (TK)-negative L cell subline Dap.3 was maintained in culture, transfected with a and /3 gene-containing plasmids, and selected for DNA incorporation and expression essentially as described (10, 14) , except that no carrier DNA was used. (17) have been reported. Indirect immunofluorescence staining was performed as described (8) . Stained cells were analyzed on either an EPICS-V flow microfluorimeter (Coulter) or a fluorescence-activated cell sorter (FACS) analyzer (Becton Dickinson).
Cell Surface Labeling, Immunoprecipitation, and NaDod-SO4 Gel Analysis. L-cell transfectants were labeled with 1251 using lactoperoxidase-catalyzed iodination as described (18) , and the labeled cells were solubilized with a solution of 0.5% Nonidet P-40, 0.05 M Tris HCl (pH 7.6), 0.15 M NaCl, 5 mM EDTA, and the protease inhibitors phenylmethylsulfonyl fluoride (100 ,ug/ml) and aprotinin (5 ttg/ml) (Sigma). The Abbreviation: FACS, fluorescence-activated cell sorter.
8065
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
Proc. Natl. Acad. Sci. USA 84 (1987) post-nuclear supernatants of the cell lysates were preincubated with normal rabbit serum and protein A-Sepharose for 4 hr at 40C, and aliquots were then incubated with the appropriate antibodies overnight at 40C. Antigen-antibody complexes were isolated with protein A-Sepharose, and immunoprecipitated material was analyzed by 1o NaDod-S04/PAGE (19) . The rabbit antisera used for immunoprecipitation were raised against the following antigens: (i) monoclonal antibody affinity column purified I-Ak (20) (21) and fractionated on formaldehyde/agarose gels as described (22, 23) . RNA was transferred to nitrocellulose and probed with DNA probes labeled with 32P by the random hexamer primer method (24 (Fig. 1c) Proc. Natl. Acad. Sci. USA 84 (1987) chain pairing and expression seen in immunoprecipitation studies. As shown in Fig. 2 , isotypic (locus-specific) residues in class II p chains are most prevalent in the P2, the transmembrane, and the intracytoplasmic regions. By using the A41Ep construct in a cotransfection with Ea, it was possible to determine whether an isotypic match in the carboxyl-terminal segments of the a and p3 chains could override the negative effects of A in the first domain, thus allowing cell surface expression with Ea. Similarly, by using kas the test partner chain for the A1E,3 hybrid, we could evaluate whether an isotypic "mismatch" in the second domain, transmembrane, and intracytoplasmic regions would prevent cell surface expression of the heterodimer. L cells were transfected with A1E,9 genes and with either Elk or Aa genes. Surviving colonies were pooled and examined for cell surface expression of Ia (Fig. 4) 
DISCUSSION
Two main points emerge from the present study. First, allele-specific residues in the amino-terminal 50 residues of the Ap, domain dramatically influence interisotypic cell surface P-chain coexpression with an Ea chain. This finding is consistent with the important role shown for this polymorphic region in allelic control of the efficiency of intraisotypic ApAa expression (8, 27) . Second, for a given a chain, isotypic sequence variation in the membrane-proximal external domain, the transmembrane, and the intracytoplasmic regions of the 8 chain has no detectable influence on the efficiency of cell surface Ia expression. These findings strongly suggest that all class II ap8 pairing and/or intracellular transport involves a critical chain interaction dictated by the aminoterminal portion of the f3, domain in conjunction with an unmapped region of the a1 domain.
This interaction has significant effects on the immunologically relevant structure of the Ia heterodimer (8) and may play a role in determining the binding properties of Ia for certain antigenic peptides (28, 29 Isotype-specific residues make up =35% of the amino acids in the second external domain, the transmembrane, and the intracytoplasmic portions of the 13 chain. It was, therefore, surprising that changing the isotypic origin of these regions had no detectable influence in determining the efficiency of expression with either A, or Eat chains. At least two explanations can be offered for this observation. The first is that there are few, if any, molecular interactions between a and /3 chains in these regions. This would allow substantial variability in sequence without affecting dimer formation and expression. Alternatively, these domains may interact significantly and the apparent lack of an effect of isotypic residues may reflect a highly conserved secondary structure between these two types of / chains. Only substitutions preserving the proper structure may thus have been permitted during evolutionary divergence of the /3 chains. The actual contact residues between the a and /3 chains might involve those residues conserved between A, and Ed, which to a large extent are those common to members of the immunoglobulin gene superfamily (1) . A highly conserved secondary and tertiary structure in the second external domain and the transmembrane and intracytoplasmic regions may be required for other effector functions of Ia, such as interactions with other membrane molecules in the same cell (for example, invariant chain) or on other cells (for example, L3T4) or as a binding site for molecules directing intracellular trafficking of Ia.
We have not yet investigated the importance of isotypic residues in the first external domain of the /3 chain in Ia dimer formation and expression. These residues are rare in the carboxyl-terminal half of the /31 domain but are prevalent in the amino-terminal half, which is the region we believe to be the most critical in selective dimer expression. If this region of the /3 chain directly forms contacts with the a chain, then isotypic residues as well as the allelic polymorphic sites could potentially influence the efficiency of this interaction and contribute to selective dimer expression.
Lastly, although we have demonstrated that in L cells, with no other partners available, A3 and Eat are coexpressed at the cell surface, the prevalence and importance of interisotypic Ia dimers in vivo is not yet known. In normal lymphoid cells synthesizing multiple allelic and isotypic a and /3 chains, asymmetries in the rate of synthesis of each chain and allele-dependent variation in the efficiency of formation and transport of particular pairs could lead to the apparent selective expression of Ia molecules that has been reported (3-6). It will be important to examine the effects of intracellular competition among multiple a or /3 chains on the nature of the Ia molecules expressed by transfected L cells, as well as reexamining the spectrum of Ia heterodimers expressed by resting and lymphokine-induced la' hematopoietic cells.
These studies should aid in understanding how the class II surface phenotype of cells may vary during distinct differentiation states of a given cell, contributing to both normal and pathologic immune responses.
